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Datum
Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
Introduction
The purpose of this project was to develop a technique to use environmental DNA (eDNA) to distinguish between redds made by Chinook salmon (Oncorhynchus tshawytscha) and redds made by Coho salmon (O. kisutch) and to distinguish utilized redds from test/abandoned redds or scours that have the appearance of redds. The project had two phases: Phase 1. Develop, test, and optimize a molecular assay for detecting and identifying Coho salmon DNA and differentiating it from Chinook salmon DNA.
Phase 2. Demonstrate the efficacy of the technique.
a. Collect and preserve water samples from the interstitial spaces of 10 known redds (as identified by expert observers) of each species and 10 gravel patches that do not include a redd of either species. b. Collect control samples from the water column adjacent to each redd to establish background eDNA levels. c. Analyze the samples using the developed molecular assays for Coho salmon (phase I) and Chinook salmon (Laramie and others, 2015) . d. Evaluate whether samples collected from Chinook and Coho redds have significantly higher levels of eDNA of the respective species than background levels (that is, from gravel, water column). e. Evaluate whether samples collected from the interstitial spaces of gravel patches that are not redds are similar to background eDNA levels. The Sandy River is a large tributary of the Columbia River ( fig. 1) 
Methods
Water samples were collected by Burke Strobel, Portland Water Bureau, using sterile syringes, and 15 mL of the sample were added to a 50 mL Falcon ® tube containing 1.5 mL sodium acetate and 33 mL 200-proof EtOH. Falcon ® tubes were chilled in a cooler in the field and placed in a refrigerator within 6 hours of sample collection. Samples were shipped to the U.S. Geological Survey (USGS) Snake River Field Station on January 30, 2014. Samples were sealed in plastic bags and surrounded with ice. Samples arrived in good condition-cool, no leakage. Samples were stored at -20 °C in a refrigerator until DNA extraction from March 24 to June 11, 2014.
DNA was extracted from samples using methods described in Ficetola and others (2008) . Samples were first centrifuged at 5,500 g for 35 minutes at 6 °C. The supernatant was discarded. The remaining pellet was then subjected to DNA extraction using a Qiagen DNeasy ® Blood & Tissue Kit (Qiagen GmbH, Hilden, Germany), following the manufacturers protocol, with the only exception being that the final elution was done using 100 μL AE buffer to further concentrate DNA. To reduce the effects of inhibitors that may be present in stream water, all samples were purified by post-extraction spin-column purification using OneStep™ PCR Inhibitor Removal Kit (Zymo Research, Irvine, California; Mckee and others, 2015) . Purified DNA was stored in 0.5 mL cryo-vials at -20 °C.
We used an existing Chinook molecular assay (Laramie and others, 2015) for analysis of Chinook eDNA. The Coho assay was designed by Marshal Hoy (USGS). Molecular probes for both species were labeled with 6FAM at the 5' end and a minor groove binding non-fluorescent quencher (MGB-NFQ; Integrated DNA Technologies, Inc., Coralville, Iowa) at the 3' end. Additional assay specifications are shown in table 2. Both assays were screened for specificity using DNA extracted from non-target tissue samples. None of the non-target DNA, in concentrations likely to be encountered in a natural system, was amplified using the Chinook and Coho molecular assays. DNA from tissue samples used to determine the specificity of the qPCR assays were extracted using a Qiagen DNeasy Blood & Tissue Kit (Qiagen, GmbH, Hilden, Germany), following the manufacturer's protocol. Extracted DNA was stored in 0.5 mL cryo-vials at -20 °C. Laramie and others (2015) . Reactions for qPCR analysis consisted of 15 μL total volume, consisting of 0.06 μL F-primer, 0.06 μL R-primer, 0.03 μL probe, 0.6 μL AE buffer, 3.75 μL DNase-free H 2 O, 7.5 μL Quantitect Multiplex MasterMix, and 3 μL sample DNA extract. All qPCR analysis was conducted on a Life Technologies 7300 Real-time qPCR System (Thermo Fisher Scientific, Inc., Waltham, Massachusetts). All qPCR reactions were singleplex.
Reactions using the Chinook assay used thermo-cycler conditions as follows: 2 minute warm up at 50 °C, 15 minute initial heat activation at 95 °C, followed by 50 cycles of 15 seconds denaturation at 94 °C and 60 seconds annealing/extension at 70 °C. Data were collected during the annealing/extension stage.
Reactions using the Coho assay utilized thermo-cycler conditions as follows: 2 minute warm up at 50 °C, 15-minute initial heat activation at 95 °C, followed by 50 cycles of 15 seconds denaturation at 94 °C and 60 seconds annealing/extension at 60 °C. Data were collected during the annealing/extension stage.
Molecular Assay Performance
Standard curves for both Coho and Chinook salmon were created using eight-fold serial dilutions of DNA extracted from fin tissues of their respective species ( fig. 2a, 2b) . 
Data Analysis
An analysis of variance (ANOVA) was performed to compare mean eDNA concentrations (Coho and Chinook salmon) of each sample group; gravel, water, redds of both species, and three unknown redds. Tukey's Honestly Significant Difference test (multiple comparisons of means, 95-percent family-wise confidence level) was then performed to determine which group means were significantly different from each other. Means comparisons were plotted, along with 95-percent familywise confidence intervals. All statistical analyses were performed using R Statistical software (R Core Team, 2013) .
Preliminary Results
Analysis of negative controls.-None of the negative controls amplified using Coho and Chinook salmon molecular assays, including (1) distilled water negative-controls collected at each sampling site, (2) DNA extraction laboratory negative-controls, and (3) qPCR non-template controls. These preliminary findings indicate that no within-site (among samples) or among-site contamination occurred in the field, nor did any contamination interfere with sample analysis.
Sample analysis using the Coho assay.-Analysis conducted using the Coho molecular assay detected eDNA concentrations ranging from 0 to 1,568.88 pg/15 mL, with a mean of 106.11 and median of 2.88 ( fig. 3a) . The sample type "O. kisutch redds" produced the highest mean concentration of Coho eDNA (494.65 pg/15 mL). Means for "O. tshawytscha redds," "gravel," and "water column" were 71.69 pg/15 mL, 103.95 pg/mL, and 10.1 pg/mL, respectively. ANOVA indicated a statistical difference between means of the sample group types (Chinook salmon redds, Coho salmon redds, gravel, water; table 3). A Tukey's HSD means comparison indicated only three group mean comparisons were statistically significant; Coho salmon eDNA concentrations for Coho salmon redds differed from gravel, water column, and Chinook salmon redds (table 4). Figure 4a indicates the direction and difference between the various means comparisons performed along with 95 percent family-wise confidence levels. Sample analysis using the Chinook assay.-Analysis conducted using the Chinook molecular assay detected eDNA concentrations ranging from 0 to 870.69 pg/15 mL, with a mean of 63.98 and median of 4.57 ( fig. 3b ). The sample type "O. tshawytscha redds" produced the highest concentration of Chinook eDNA (296.64 pg/15 mL). Means for "O. kisutch redds," "gravel," and "water column" were 4.83 pg/15 mL, 29.89 pg/mL, and 27.43 pg/mL, respectively. ANOVA indicated a statistical difference between means of the sample group types (Chinook salmon redds, Coho salmon redds, gravel, water; table 5). A Tukey's HSD means comparison indicated only three group mean-comparisons were statistically significant; Chinook salmon eDNA concentrations found at Chinook salmon redds differed from gravel, water column, and Coho salmon redds (table 6). Figure 4b indicates the direction and difference between the various means comparisons performed along with 95 percent family-wise confidence intervals. Sample analysis and assignment of three Unknown redds.-Chinook salmon mean eDNA concentrations at Unknown redd 1, Unknown redd 2, and Unknown redd 3 were 0.00 ±0.00SE, 4.14± 4.14SE, and 0.00± 0.00SE, respectively. Coho salmon mean eDNA concentrations at Unknown redd 1, Unknown redd 2, and Unknown redd 3 were 12.86 ±6.32 SE, 0.72 ±0.54 SE, and 59.71 ±59.71 SE, respectively. The eDNA concentrations (for both species) recovered from these unknown redds was either zero or within the background levels of water or gravel. Therefore, none of the three unknown redds could confidently be assigned to either Chinook or Coho redds. However, Coho salmon eDNA concentrations were higher at Unknown redd 1 and Unknown redd 3, while Chinook salmon eDNA concentrations were only detected at Unknown redd 2. 
